/elements include a mechanism for driving upstream brine back and forth between two high pressure reservoirs to minimize salt buildup at the brine -.clay cake interface, and a downstream sampling cell that allows fluid to be collected at a selected pressure. Thus, lithostatic pressure, hydrostatic pressure, and hydrostatic pressure gradient across the claycae may be varied independently.
SL
At room temperature, a hydraulic differential of 1000'; I across clay cakes 1.5 to 2.5 cm.thick and 9.15 cm in diameter held under 5,000 -twsA*J confining pressure gives approximately 1. 0 mlyfluid flow per day, (hydraulic conductivity of about 3 x 10-12 cm/sec). :Salt rejecti6n efficiency is 26% for one molal (Na,Ca)C9 solution, and effluent Ca/Na ratio increases by 24%, but salt rejection efficiency for a 5.5 molal solution of the same Na/Ca ratio is only 8.4%.
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INTRODUCTION
The long-range goals of this research jogri are (1) to measure experimentally the magnitudes of the fluxes of water, dissolved substances, heat and electric current across smectite and illite clay layers, under imposed gradients of fluid pressure, chemical activity of dissolved salts, temperatures, and electrial potential, from atmospheric conditions through the diagenetic range to approximately 250' C., and 2 kb/confining (lithostatic) pressure, and (2) to relate these measurements to existing .' theories, ;including in particular the formalism of nonequilibrium thermodynamics, and to augment such theoretical expressions if possible. The principal earth-surface applications are to soil physics and to a variety of civil engineering concerns involving slope and foundation stability.
At depth in sedimentary basins, fluid flow across shales has been invoked in theories of hydrocarbon generation and migration, as a possible explanation for a variety of phenomena of interest to petroleum engineering such as overpressuring and electrical self-potentials, and as a factor to be considered to evaluating the feasibility of deep-hole radioactive waste disposal. The physical characteristics of the clay layer, such as layer thickness, clay-flake size, clay-flake orientation (fabric), and change of fabric and particle size within a layer (composite membrane)also need to be evaluated. This research is strengthened by the results that are accumulating from three related but non-USARO-funded research efforts: (i) measurement of mutual diffusion coefficients in concentrated binary salt solutions (Bard and Miller, 1979a, 1979b) , and development of improved theoretical models for predicting mutual diffusion coefficients in more complex salt solutions (Anderson and Graf, 1978) ; (2) measurement of adsorbed cation populations on clay minerals in contact with chloride brines over the range of diagenetic conditions (Stephens, 1974 , Benzel, 1978 ; and (3) measurement of the amount of interlayer water in smectite as a function of pressure, temperature, and brine composition over the diagenetic range (Graf, 1974) .
During the period of this grant, two large and complex membrane presses were designed, built, and put into operation at room temperature. Detailed techniques were devised for sedimenting clay cakes of known particle-size and fabric and for impregnating these cakes, cutting out volumes of known orientation, and determining fabrics by powder X-ray diffraction. An initial pair of transport experiments has been completed at room temperature, in order to tie in with existing literature and to determine the run time required to reach steady state. Sample collection and analysis techniques for stable isotope determination have been chosen. Two papers are currently in preparation: (1) a description for a scientific instrument journal of the membrane press design must await successful completion of one or two runs above room temperature on the press that is enclosed in an air bath, in order to be sure that the temperature- One press is for room temperature operation, the other for use at temperatures up to about 2600 C., at which deterioration of Teflon 0-ring seals might be expected to commence. A description of the latter press suffices for both.
The load frame consists of four 3-inch diameter vertical rods, The entire load frame is enclosed in an air bath to prevent transport contributions from local thermal gradients. The air bath is a double-walled shell, enclosing a 2-inch thick layer of magnesium oxide, from which one vertical wall can be removed for equipment repair and sample loading. There are six planar 800-watt heating elements (Lindberg, Watertown, Wisconsin) fastened to the interior of the shell, controlled by a RI Thermac Series 6000 temperature controller (Carvel Engineering, Schaumberg, Illinois). The shell and press rest on 1/4" thick basal plate of asbestos board, which is in turn underlain by a layer of 2 1/2" thick fire bricks (A. P. Green Refractories Co., Peoria, Illinois) to minimize heat loss to the floor.
The clay layer lies between two sheets of filter paper (Millipore Corp., Bedford, Mass.; 0.6-micron diameter particle-retention Polyvic paper for temperatures up to about 650 C.; Teflon paper with 5.0 micron diameter particle retention for temperatures up to 2600 C.).
We have also tried Nuclepore filters (General Electric Co., Pleasanton, California), irradiated plastic with very uniform 0.2 micron diameter holes, but its temperature tolerance is limited. Backing the filter paper sheets are porous alumina plates (Norton Co., Worcester, Mass.;
#AN 788, 0.1 micron diameter particle retention), and then a second The remaining two ends of the reservoirs are connected by high-pressure tubing to the appropriate fittings on the upstream piston. This unit has been placed outside the air bath, for easier maintainance, so that in order to minimize brine temperature change during the stirring intervals, it has been necessary to place an approximately 10 ml. volume high-pressure reservoir ("rod bomb") of Haynes Alloy #25 inside the air bath in each of the lines leading from the high-pressure stirring unit to the upstream piston. The storage volumeof the high-pressure stirring unit has been further increased by making the double-ended piston short enough so that it extends a maximum of 3 3/4" into either of the highpressure chambers, which are 6 3/4" long.
• diameter chamber in the other, and an internal piston with differnt diameters on its two ends. The large-diameter chamber is connected directly to a large tank of nitrogen gas at some selected fraction of full tank pressure. The ratio of piston areas then defines the fluid pressure that will move the piston and allow the small-diameter chamber to fill, and PVT relations for the large volume of gas assure that liquid-sample accumulation will be at essentially constant pressure.
If the line back to the clay cake is valved off and a 10 ml. glass or plastic vial pushed over an O-ring seal on an appropriately machined exit fitting, then the vial can be evacuated, the exit valve opened, and nitrogen gas pressure will drive the sample piston back to expel accumulated liquid sample into the vial. is required to alter them. Observations such as these have led to speculation about the effect of clay fabric upon shale transport behavior, which should in turn affect the migration of hydrocarbons from shale source beds, the content of U and other metals in black shales, and the suitability of shales as hydraulic seals for retaining radioactive wastes.
We have focused our initial transport experiments upon smectite, which is attractive both because it is a geologically abundant clay mineral in the thick sedimentary sequences of interest to us, and because it has a high cation exchange capacity and should therefore demonstrate membrane effects to a maximum degree. Smectite flakes are often unusually small and ragged, even for clay minerals, which makes it more difficult to sediment a range of fabrics.
Mr. Benzel has been able to prepare a smectite cake with cardhouse fabric by sedimenting from a 1.01 molal (Na,Ca)Cl solution, with which the clay had first been allowed to equilibrate. He obtained a parallel-flake cake by repeated washing of smectite in distilled water until it dispersed, followed by sedimentation from that liquid.
We have determined fabric character by impregnating the clay cake with Carbowax 6000 (Union Carbide's polyethylene glycol), cutting a cube which has as one pair of faces the top and bottom of the cake, and collecting diffraction data from the differently oriented faces according to the method of Meade (1961).
The parallel-flake cake had a Meade parameter of 5.6, the card-house fabric gave 1.2. It is noteworthy that these fabrics were unaltered by the 5,000 p.s.i. piston pressure applied in a small laboratory-bench press during fabrication of the cakes.
The smectite cake currently being used in Mr. Benzel's membranepress experiment was prepared as described above to yield a card-house fabric, as was that which Mr. Haydon is using, except that his was equilibrated with and sedimented from a 5.45 molal (Na,Ca)Cl solution. X-ray fabric determinations of these particular cakes will be made after the transport experiments using them are completed, but it seems reasonably certain that they will be found to be highly jumbled fabrics.
One of Mr. Benzel's next transport experiments will utilize a parallel-flake cake, to determine how large is the effect of fabric upon 
ULTRAFILTRATION EXPERIMENTS
Mr. Benzel is preparing clay cakes using the 0.25-2 micron diameter size fraction of the smectite from Chambers, Arizona, for a series of room temperature experiments testing the effect upon transport of physical parameters such as layer thickness, particle size and fabric. The clay is the same one for which Mr. Benzel measured Na+/Ca ++ adsorption selectivity (Benzel, 1978) , and it is mineralogically very pure. In his first run, he observed a hydraulic conductivity of 2.51 x 10 -1 2 cm/sec, a salt rejection efficiency of 26%, and an increase in Ca/Na atomic ratio of 24% in the effluent when a (Na,Ca)Cl solution of 1.01 molal total salinity was forced through a 2.5 cm thick cake with card house Mr. Haydon chose the salinity and cation ratio of his brine to be representative of Gulf Coast pore waters at 10,000 feet depth in normallypressured regions. Mr. Benzel diluted this solution to approximately one-fifth its original concentration, to yield a brine more realistic for near-surface environments, about half again more saline that sea water but retaining its (Na,Ca)CI character so that results from the two presses might reinforce each other in at least a qualitative sense. The compaction pressure being used in Mr. Haydon's first cycle of experiments is more appropriate for 5,000 feet depth than 10,000, but he will increase it substaintially in the second cycle.
The hydraulic differential of 1,000 p.s.i. across the cakes in these two experiments gave a liquid throughput of approximately 1 ml. per day.
It was only after the passage of 25 to 30 ml. of fluid that the system reached steady state, a major limitation upon the rate of data collection. The values for salt-rejection efficiency and change in Ca/Na atomic ratio cited here differ moderately from those cited in the 6-monthly report for the latter half of 1979 because of data reduction errors discovered in a project review. Cation exchange capacity measurements are in progress, using X-ray fluorescence to determine adsorbed Sr + + concentration, for the 0.25-2 mircron fractions of the two smectites. There is at least one published value for each clay, but some difference might be expected among multiple whole-clay samples from the same deposit, as well as among different size fractions of the same sample.
Ai FRACTIONATION OF STABLE ISOTOPES OF HYDROGEN AND OXYGEN IN BRINE WATER DURING ULTRAFILTRATION
Citing experimental results for a variety of systems in the pure chemistry literature, Graf et al. (1965) and Hitchon and Friedman (1969) attributed small differences in stable hydrogen and oxygen isotopic composition of selected pairs of subsurface brines to fractionation during passage through the micropores of shale. The effluent is isotopically lighter, affording a criterion for direction of water flow.
Coplen and Hanshaw (1973) made two experimental runs at room temperature that verified the predicted fractionation in clay-water systems.
As with all clay-membrane experiments, the time required to come to steady state was considerable.
The experiments of this project bring clay-water systems to steady state in order to measure other parameters, and it requires only modest additional amounts of run time to collect two 2-ml downstream samples and to extract two 2-ml samples from the upstream reservoir, so that the oxygen and hydrogen isotopic fractionations can both be determined. We are about to collect such sets of samples from the first two runs.
It would be difficult to be certain of extracting all the water from small samples of high salinity. We propose instead to equilibrate C0 2 with the brine sample as collected, and then to correct for the ionhydration effects that are included in the isotopic composition obtained.
These effects have been calibrated by Sofer and Gat (1972) 
